Abbreviations: ADL, activities of daily living; AF, atrial fibrillation; AHRE, atrial high rate episode; AV, atrioventricular; CGA, Comprehensive Geriatric Assessment; CRT, cardiac resynchronization therapy; CRT-D, CRT with defibrillation; CRT-P, CRT with pacemaker; HF, heart failure; ICD, implantable cardioverter defibrillator; LV, left ventricular; MRI, magnetic resonance imaging; NYHA, New York Heart Association; PM, pacemaker; PVB, premature ventricular beat; SCD, sudden cardiac death; VT, ventricular tachycardia.
Background
Pacemakers (PMs) and implantable cardioverter defibrillators (ICDs) are well-established therapies in modern cardiology. Knowledge of the natural history of severe bradyarrhythmias comes from very old studies performed at the beginning of the PM era. In some situations, the efficacy of pacing is therefore inferred, rather than proven by randomized clinical trials. Several randomized controlled trials have shown improved outcomes with cardiac resynchronization therapy (CRT) in appropriately selected patients with systolic heart failure (HF) and evidence of dyssynchrony. The beneficial effect of ICDs in the prevention of sudden cardiac death (SCD) has also been well demonstrated in several randomized trials [1] [2] [3] [4] [5] [6] [7] . Each year in France, PMs and ICDs are implanted in around 65,000 and 15,000 patients, respectively. Studies have shown that around 75% of PMs and 30-35% of ICDs and CRT devices are inserted in individuals aged ≥ 75 years [8] [9] [10] . As the population ages, the number of elderly patients considered for electrical device implantation is unequivocally increasing [11, 12] . However, data supporting the clinical effectiveness of devices in this age stratum may be contradictory [1, [13] [14] [15] [16] [17] [18] [19] . Although guidelines state that ICD implantation is ''rarely appropriate'' in nonagenarians [18] , they do not refer to any specific age limits. The few elderly patients selected for admission into large randomized trials may not be representative of the real-world elderly population.
We aimed to review the current literature regarding the potential benefit of cardiac pacing, CRT and ICDs in elderly and very elderly populations. The applicability of the use of cardiac electrical devices in this age group, and their safety, clinical effectiveness and cost-effectiveness were addressed, and we tried to distinguish which patients in this age stratum are more likely to benefit from these therapies.
Epidemiology of rhythm disturbances in the elderly

Conduction disorders
Apoptosis and fibrofatty infiltration are present during normal ageing of nodal tissue. In addition, in the elderly, sinus node automaticity and conduction disorders may be severely depressed by drugs. In the sinus node, nodal cell rarefaction, perinodal fibrosis and adrenergic receptor damage are partially offset by the decrease in parasympathetic basal tone. In a 75-year-old subject, the number of sinus node cells has declined to 10% compared with in a 20-year-old subject. Membrane channel alterations also impair sinus node automaticity. As a consequence, the intrinsic heart rate, obtained after autonomous blockade, decreases with age. The resting heart rate is not affected, while the exercise heart rate is, leading to reduced exercise capacity. The maximum heart rate decreases by 0.7-1 beat per minute each year in adults. Although the prevalence of sinus node dysfunction is unknown in the elderly, 70-80% of PMs for sinus node dysfunction are implanted over the age of 65 years; after that age, the prevalence of symptomatic sinus bradycardia is estimated at 1/600 [20, 21] .
In the atrioventricular (AV) nodal region, normal ageing causes calcifications of the cardiac fibrous skeleton, which may lead to a slowing of conduction velocity in the AV node, the His bundle or the proximal part of the right and left bundle. Prolongation of the PR interval, which occurs with age, is well known [20, 21] . In elderly subjects, 20% had a PR interval longer than 200 ms in the Manitoba Study [22] , while it exceeded 220 ms in only 4% of the overall population. However, this study showed that the life expectancy of patients presenting with a prolonged PR interval was not impaired during the 30 years of follow-up, compared with subjects with normal AV conduction. In contrast, in an overview of the Framingham study [23] , prolongation of the PR interval was correlated with a higher risk of atrial fibrillation (AF) and global mortality, even when the PR interval remained within the normal range.
Prevalence of type I second-degree AV block was reported to be 2.2% in an observational study involving 625 patients from various age groups (aged 22 to 80 years). Another study on 157 patients reported a PM implantation rate of 61% for type I second-degree AV block. During the 5 years after implantation, quality of life was improved in the youngest patients (aged 45 to 79 years), but not in those aged > 80 years.
Ageing progressively affects the conduction capacity of the terminal part of the intraventricular conduction system [24] . The QRS duration remains stable. The mean frontal QRS axis shifts towards the left, so the prevalence of left axis deviation beyond -30
• reaches 20% within the tenth decade. The prognosis value of this axis deviation is unknown. The prevalence of right bundle branch block increases with age, reaching its peak at the age of 70 years in men, but is still increasing at that age in women. In the Baltimore Longitudinal Study of Aging, the mean age at onset of right bundle branch block was 64 ± 14 years. The involvement of right bundle branch block in the onset of heart disease or in mortality seems poor. The incidence and prevalence of left bundle branch block also increases with age; in the Framingham study [25] , its prevalence was 1.1%, the mean age of occurrence was 62 years and, in the majority of the cases, it was associated with a known heart disease or preceded its development. In an Irish cohort study of 110,000 subjects followed between 1968 and 1993, the prevalence of left bundle branch block increased with age in both men and women [26] . AV blocks over type I second-degree affect elderly subjects, with or without heart disease [20, 21] . The prevalence of third-degree AV block remains low. In the Reykjavik study [27] , with a 24-year follow-up among 20,000 individuals, only 11 of them (0.04%) had new-onset third-degree AV block.
It is thus not surprising that the mean age at PM implantation is 75 years, that 80% of the implanted patients are aged > 65 years and that most patients receiving a PM for AV block are aged > 60 years.
Ventricular arrhythmias
As with HF, the incidence of heart rhythm disorders increases with age. In the aging man, the incidence of ventricular arrhythmias increases independent of the presence of underlying heart disease, but few detailed epidemiological data are available [28, 29] .
Ventricular premature beats
Studies based on Holter electrocardiogram data in aging people showed the presence of premature ventricular beats (PVBs) in 77-100% of the patients, independent of the presence of underlying cardiomyopathy [30, 31] . Sherman et al. found an exponential increase in PVBs with age: 17% before the age of 30 years; 29% between the ages of 30 and 60 years; and 75% over the age of 60 years [31] . Isolated PVBs are associated with a worse prognosis in case of underlying cardiomyopathy. Complex PVBs (non-sustained ventricular tachycardia [VT] or > 15 PVBs/hour) were recorded in the Cardiovascular Health Study [32] in 16% of women and 28% of men, and were generally associated with an underlying cardiomyopathy.
Sustained ventricular arrhythmias
The main aetiology of sustained VT in aging people is coronary artery disease; the second most frequent aetiology is dilated cardiomyopathy. In a French study by Raybaud et al., considering 202 patients aged > 75 years admitted for VT, 22% were ischaemic and 50% were iatrogenic [30] . Bundle branch reentry is a rare cause of VT, but needs to be ruled out, as it is easily curable by right bundle branch ablation. A bundle branch reentrant ventricular has been shown to be inducible in 4.5-6% of patients with ischaemic cardiomyopathy, and in 17-40% of patients with dilated cardiomyopathy [33] [34] [35] . Torsades de pointe is a unique feature of dramatic concern in aging patients, which can result in sudden death; the main cause is iatrogenic QT prolongation, but it may also be secondary to excessive QT prolongation resulting from to AV block-associated bradycardia.
Sudden death in older patients
SCD may be related to malignant ventricular arrhythmias, with 62% monomorphic VT, 8% primary ventricular fibrillation and 17% secondary to bradycardias [36] . The leading cause is ischaemic (88%), and the prognosis is poor in the elderly (< 5% survival rate) [37] . In the few published studies about SCD in old people, age was a factor for poor prognosis. SCD in old people may be related mostly to electromechanical dissociation or asystole [38] [39] [40] , which are associated with a 100% mortality rate in most studies. Symptoms preceding cardiac arrest may differ depending on age. Younger patients frequently complain about chest pain, although older patients report dyspnoea [40] . Independent of age, most patients with chest pain presentation before cardiac arrest have ventricular fibrillation, and patients with dyspnoea more frequently have electromechanical dissociation. Older survivors may exhibit cognitive or mood disorders, highlighting the influence of age after resuscitated SCD [41] .
Impact of comorbidities in patients needing ICD implantation
Cardiac evaluation
Ischaemic, valvular or hypertensive heart diseases are more prevalent with increasing age, and may be complicated by HF during their evolution, which is the main indication for an ICD and/or CRT. Comorbidities, such as AF, peripheral vascular disease, diabetes, pulmonary disease, depression, anaemia and renal dysfunction, are prevalent in one form or another in many elderly patients scheduled for PM or ICD implantation [42] . A search for an extracardiac cause, such as bronchopneumonia, chronic obstructive pulmonary disease, pulmonary embolism or sleep apnoea syndrome, should often be carried out in the context of dyspnoea with suspected HF. The question of whether older patients with multiple comorbidities commonly seen in ''real-world'' clinical practice will benefit in terms of survival and quality of life from implantation of costly devices is discussed later. These issues are specifically relevant for patients for whom ICD implantation is being considered, and do not really apply to patients needing cardiac pacing or CRT.
The prevalence of HF is between 10% and 20% in those aged 70-80 years [43] , and increases by a factor of 10 between the ages of 60 and 80 years [44, 45] . HF may be the reason (rather than a limitation or non-indication) for device implantation, unless life expectancy is estimated to be dramatically short. Although 50% of HF patients are aged > 75 years, many clinical trials have included younger patients with a mean age of 61 years. Aging HF patients are more often women with less frequent cardiovascular disease and associated risk factors, but with more noncardiovascular comorbidities, such as chronic renal failure, anaemia or cancer [46] [47] [48] . In aging HF patients, 50% exhibit preserved ejection fraction HF, the long-term prognosis of which is similar to that of HF with depressed ejection fraction [49] . Sudden death occurs 6 to 9 times more frequently in HF patients than in general population. High blood pressure and diabetes are stronger risk factors in aging women, and smoking and coronary heart disease are stronger risk factors in men [50] .
Hypertension may be highly prevalent in PM recipients [51, 52] , but high blood pressure is far less common in patients with severe systolic HF, which is the most common indication for an ICD and/or CRT. Excessively high or low blood pressure may be associated with a poor outcome in patients with coronary artery disease or HF. There may be a reverse association between baseline hypertension (actually protective) and mortality in elderly patients with HF or coronary artery disease [53, 54] . However, blood pressure control in patients with a PM or ICD and hypertension is a relevant goal, in any case, for the prevention of complications, particularly cerebral strokes.
Diabetes commonly coexists, and is a powerful independent predictor of morbidity and mortality, in patients with HF [55] . Diabetes is not a predictor of poor response to CRT [55, 56] , and diabetic HF patients treated with CRT seem to have an outcome that is similar to that of non-diabetic patients [57, 58] . Diabetic patients derive a similar benefit from ICD therapy, despite being possibly sicker and having a higher mortality rate overall [59] .
The prevalence of AF in patients with HF ranges from 5% in patients with New York Heart Association (NYHA) functional class I to 40% in patients with NYHA class IV, and increases markedly with age [60] . AF may be associated with a higher risk of cardiac events and mortality in population studies, but should not per se affect the decision to implant a device at an individual level in the elderly; it may, however, influence the type of the device and its programming. AF patients show significant improvement after CRT, with improvements in left ventricular (LV) ejection fraction that are similar to or slightly greater than those in patients in sinus rhythm [61] . In patients treated with CRT with defibrillation (CRT-D), history of AF is an independent risk factor, not only for mortality, but also for appropriate and inappropriate shocks [62] . Compared with patients with permanent AF, those with paroxysmal or persistent AF may have a lower increase in the risk of mortality or appropriate device therapy, but a higher risk of inappropriate device therapy [63] .
Further efforts in AF management may thus optimize the care in elderly patients with electric cardiac devices.
Renal dysfunction is a common comorbidity in HF in the elderly, and is individually associated with poorer outcomes [64, 65] . Renal impairment does not prevent a positive response to CRT, even in elderly patients [56] . CRT might actually be a renal-protective strategy in HF, and improvement in renal function can be another mechanism to explain the beneficial effects of CRT [66, 67] .
Importantly, comorbid conditions, such as renal failure, NYHA stage IV HF, AF or third-degree heart block, are stronger predictors than age in determining higher risk of peri-and post-procedural complications [68] . Elderly patients with comorbidities, but with a good life expectancy, may benefit from pacing, CRT or ICD, although ''reasonable expectation of survival'' has not been standardized. Koplan et al. found that a proportion of patients aged > 80 years may survive for ≥ 4 years after ICD implantation, despite comorbidities, and survival may reach 6 years for those with an ejection fraction > 30% and a glomerular filtration rate > 60 mL/min, while the overall life expectancy of octogenarians in the USA is 8 years [69] . Goldenberg et al. developed a simple risk model with five clinical factors (NYHA functional class > II, age > 70 years, blood urea nitrogen > 26 mg/dL, QRS duration > 0.12 seconds and AF) for ICD recipients with low ejection fraction. The authors found a pronounced benefit for ICDs in terms of risk of death in intermediate-risk patients, and attenuated efficacy in lower-risk patients (0 risk factors) and higher-risk patients [65] . Thus, comorbidities should certainly be considered when determining whether an elderly patient will markedly benefit from a device or not. Other non-cardiac conditions, such as peripheral vascular disease or pulmonary disease, may have a negative effect on survival in ICD recipients [70] ; this could influence the decision regarding which device to implant (see section entitled ''CRT-P or CRT-D?'').
Geriatric assessment
An evaluation before the implantation of an ICD in an elderly person should be accompanied by a geriatric assessment that gauges the person's overall prognosis, with psychosocial and medical assessments (comorbidities, autonomy). It is necessary to determine the patient's condition to know whether the person will benefit from the implantation of an ICD in terms of functional capabilities, but also to attempt to predict whether this condition will be maintained over the coming months or semesters or, on the contrary, whether the patient is at risk of deteriorating. The ''Comprehensive Geriatric Assessment'' (CGA) [71] assesses a person's state of health, and provides information on functional status, continuing to live at home and overall survival [72] . However, the CGA requires a certain expertise in geriatrics that takes time (mobile geriatric team, day hospital, geriatric care networks) and cannot be offered to all patients (Table 1) . Several tools can be used to screen for patients who should undergo a CGA, including the Identification of Seniors at Risk score, the Triage Risk Screening Tool and the G-8.
The French National Authority for Health (Haute Autorité de santé) [73, 74] [75] ; personal hygiene, bathing, dressing, continence, going to the toilet, transferring, feeding; Appendix 1); a history of an unplanned hospitalization in the last 6 months; and an unfavourable social situation (precariousness, isolation). The Haute Autorité de santé has also proposed a score for identifying at-risk individuals, namely the Triage Risk Screening Tool [76] , which can be done in a few minutes by a non-physician and comprises five items: cognitive impairment; difficulty with walking/transferring or recent falls; polymedication (five or more medications per day); history of hospitalization in the last 90 days or admission to an emergency department in the last 30 days; and abnormality before hospitalization in at least one activity of daily living (ADL index) or social isolation.
The cardiology team can detect the main ''geriatric syndromes'' that should be the subject of a geriatric assessment and more complete treatment if abnormality is detected.
Cognitive impairment
Identifying cognitive impairment can involve the MiniMental State Examination or a simpler test, such as the Memory Impairment Screen [77] . The Mini-Mental State Examination [78] has a score range of 30; the threshold value depends on age and sociocultural level. A score of < 27 points hints at possible cognitive impairment; a score of < 24 points hints at possible dementia and warrants a specialized assessment. The Memory Impairment Screen [79] consists of having an individual repeat four words written on a sheet of paper (e.g. CHECKERS, SAUCER, TELEGRAM and RED CROSS) immediately and 10 minutes later. Forgetting one of the words (despite a clue, e.g. ''What was the name of the game?'') hints at cognitive impairment and calls for a specialized complementary assessment. Other tests (such as the CODEX tests, the five-word test, the clock test, etc.) can be used to detect cognitive impairment.
Risk of falls
Assessing the risk of falls involves a series of questions (relating to previous falls), a clinical examination (general condition, neuromuscular status, joints, vision and neurological and cardiovascular examinations, looking in particular for orthostatic hypotension) and a few simple tests, such as the stand-on-one-leg test, which assesses an individual's ability to remain standing on one leg for 5 seconds, and the Timed Up and Go test, which assesses balance and gait (the elderly person must get up from a chair with armrests, walk 3 meters in a straight line to a line drawn on the ground, turn around and sit back down again, with a time of > 20 seconds indicating a risk of falls).
Undernutrition
Undernutrition is defined as weight loss > 5% in 1 month or > 10% in 6 months, and signals the presence of a risk situation. Weight should be interpreted taking into account clinical and biological factors of water retention and dehydration. A nutritional assessment can also be done by determining serum albumin; a value of < 35 g/L indicates undernutrition. Treatment of undernutrition can improve life expectancy.
Depression
The ''Mini Geriatric Depression Scale'' (Appendix 2) is a quick four-question screening test. If abnormality is detected, the full GDS scale gathers depressive symptoms. A score > 15/30 indicates the possibility of depression, and a score > 22/30 indicates the possibility of major depression. Depression is associated with a more severe cardiovascular prognosis and poorer treatment adherence in the elderly [80] .
Frailty
Detecting frailty (a syndrome of deterioration of physiological reserves and decreased resistance to stress) should also be part of the assessment, as it is associated with unfavourable developments after implantation [81, 82] . The Gérontopôle Frailty Screening Tool [83] in individuals with an ADL score ≥ 5/6 includes six items: living alone; involuntary weight loss in the last 3 months; fatigability in the last 3 months; mobility difficulties in the last 3 months; memory complaints; and slow gait speed (more than 4 seconds to walk 4 meters).
Autonomy
Autonomy can be evaluated by scales that assess activities of daily life (Instrumental ADL and ADL) through questioning the patient and their relatives. The short form of the Instrumental ADL scale includes four items: ability to use the telephone; ability to use transport; responsibility for own medication; and ability to handle finances. The ADL scale gives information about personal hygiene and grooming, dressing, ability to go to the toilet, transferring, continence and ability to eat alone. A subject is considered dependent if they need human help to carry out the activity concerned.
Lifestyle
The assessment should determine the patient's state of isolation, and take into account the involvement of caregivers (family members or friends) and access to different care services; this includes providing disease information and education to the patient and those close to the patient, to ensure that medications are taken and to attend to complications early.
Thus, the CGA allows a Personalized Care Plan to be prepared before and after intervention, within the framework of a multiprofessional approach (Fig. 1 ).
Cardiac pacing Choice among devices with different pacing modes for older patients
The choice of optimal pacing mode for older patients is under debate, as is whether VVI pacing should be preferred for cost reduction (including patients with preserved sinus node function) or whether physiological pacing should be favoured. The choice of pacing mode varies, depending on the disorder to treat (sinus node dysfunction, acquired AV block or permanent AF associated with bradycardia); it also depends on whether bradycardia is paroxysmal or permanent. The 2013 European professional practice recommendations do not specifically discuss age, while the majority of paced patients are now in an older age bracket [84] .
A survival benefit conferred by DDD instead of singlechamber pacing is controversial. DDD pacing may limit the risk of developing AF, stroke or HF. Older studies have compared DDD with AAI pacing, a mode that is rarely used nowadays, having been mostly replaced by algorithms to preserve AV conduction. In a 1997 Danish study, 225 patients (mean age, 71 years) were randomly assigned to VVI versus AAI pacing for sick sinus syndrome, and were followed for up to 8 years [85] . Atrial pacing was associated with longer survival, a shorter duration of AF, less HF and fewer thromboembolic events. In PASE, a study of patients whose mean age was 76 years, the superiority of DDD compared with AAI pacing was mostly confined to patients paced for sinus node dysfunction, and was not significant in cases of AV block [86] . The MOST study compared VVI with DDD pacing in 2010 patients with sinus node dysfunction (mean age, 74 years) [87] . DDD pacing lowered the risk of AF and HF, and improved the quality of life, but did not lower the risk of stroke. The devices had to be reprogrammed from VVI to DDD mode in 20% of patients because of disabling PM syndrome [88] . The CTOPP study enrolled patients with a mean age of 73 years, who presented with a mix of AV block and sinus node dysfunction [89] . Over a follow-up period of more than 6 years, the risk of AF was decreased, but not the risk of death or stroke. In the UK PACE study, 2021 patients aged > 70 years underwent implantation of PMs for AV block, and were randomly assigned to VVI versus DDD pacing [90, 91] . During a follow-up period of up to 5 years, no difference in mortality was observed between the two study groups, and no difference was seen in the development of AF, HF or stroke. In none of these older studies was an algorithm available to preserve AV conduction.
Chao et al. compared 108 PM recipients aged > 90 years with a matched non-paced control group [92] . Cardiac pacing was not associated with a higher mortality, confirming that very old age is not a contraindication to PM implantation. Antonelli et al. studied VVI pacing in nonagenarians over a period of more than 20 years, and observed no adverse effect on survival [93] .
In summary, in older patients with sinus node dysfunction, experts agree that DDD pacing along with the programming of an algorithm to minimize ventricular pacing (see section entitled ''Specific algorithms to decrease the percentage of ventricular pacing'') is preferred [84] . Rate responsiveness may be helpful in the elderly, and should be added in cases of sinus node dysfunction associated with chronotropic incompetence. Permanent AV block and no permanent AF should be treated with DDD pacing because of the risk of PM syndrome, which develops in 20% of patients. In very old patients presenting with intermittent AV block or syncope and suspected AV block, VVI pacing may be all that is needed. VVI pacing is also preferred to treat AF associated with bradycardia. These patients may, in the future, be candidates for leadless pacing, broadening the indications for VVIR pacing.
Choice of pacing site
Ventricular pacing cannot be avoided or minimized in patients with permanent complete heart block. RV pacing (see section entitled ''Specific algorithms to decrease the percentage of ventricular pacing'') and search for alternative pacing sites when pacing is inevitable [94] [95] [96] . Furthermore, apical positioning may be associated with a higher risk of perforation, particularly in old and thin women. The septum, the RV outflow tract and the His bundle have been suggested as alternative pacing sites to the RV apex. Because of the closer proximity to the normal conduction system, these RV sites may result in less electromechanical dyssynchrony and a more physiological activation. However, whether there is an optimal site for RV pacing remains controversial. A randomized study comparing outflow tract pacing and RV apical pacing failed to show sustained additional clinical benefit [97, 98] . Direct His pacing may, theoretically, be an attractive alternative, but feasibility may be limited [99] . Therefore, the potential benefits of alternative RV pacing sites in old patients remain unclear. The level of proof for systematic implantation of a biventricular device in old patients with complete AV block also remains too limited for this to be proposed in clinical practice.
PM programming in the elderly
Rate programming and modulation
Rate response has been compared with non-response (ventricular and atrial) pacing in patients with bradycardia in several randomized trials [100] [101] [102] [103] [104] Devices for cardiac rhythm management in the elderly 9
improving quality of life and exercise capacity, improvements in exercise capacity with DDDR compared with DDD have been conflicting. In two small studies of patients with chronotropic incompetence [103, 104] comparing DDD and DDDR pacing, the latter improved quality of life and exercise capacity, but the larger ADEPT randomized trial [100] failed to show a difference in patients with a bradycardia indication for DDD pacing. The upper rate limit should be programmed higher than the fastest spontaneous sinus rhythm to avoid upper rate limit behaviour. The lower rate should be programmed on an individual basis in the elderly patient, according to the clinical characteristics and the underlying cardiac substrate of the patient, to avoid symptomatic bradycardia.
Specific algorithms to decrease the percentage of ventricular pacing
With the increasing evidence of the detrimental effects of RV apical pacing, the percentage of ventricular pacing should be kept to a minimum in patients with sinus node dysfunction or intermittent AV block. Unnecessary RV pacing may induce AF and deterioration of HF [95, 96] . Percent ventricular pacing is, therefore, an important aspect of the follow-up of old patients with sinus node dysfunction, with a view to maximally decreasing unnecessary ventricular pacing. The most reliable strategy is to avoid implanting a ventricular lead. However, the adoption of DDD systems as the standard of care has prompted the development of proprietary algorithms that promote normal AV conduction and minimize unnecessary RV pacing [94, 95] . These algorithms may lower considerably the percentage of ventricular pacing, without jeopardizing patient safety, and may significantly extend the longevity of the PM. The algorithms may decrease the number of hospitalizations and deaths from cardiac causes, although they do not clearly lower the risk of AF and HF, or the need for cardioversion [94, 95] . It is important, however, when programmable, not to accept prolonged ventricular pause (> 2 seconds) that may lead to the occurrence of syncope in old and fragile patients.
Magnetic resonance imaging (MRI) compatibility
After implantation, a substantial proportion of elderly patients with a PM may develop an indication for MRI examination because of medical comorbidities [105] . Implantation of MRI-conditional devices is today becoming a standard of care. Recommendations have been published on how to perform an MRI examination securely in patients with conventional devices or MRI-conditional PM systems [84] . It actually appears that MRI in patients with MRI-conditional pacing systems and selected patients with MRI-unsafe systems can be performed safely under strict conditions in daily clinical practice [106] .
ICDs
ICDs in patients at high risk of SCD have been associated with a decrease in overall mortality, thanks to a significant reduction in arrhythmic death [1] [2] [3] [4] [5] [6] [7] . ICD devices are generally implanted in highly selected patients, presenting few comorbidities, with a limited proportion of old patients aged > 75 years [1, 6, 18, 107] ; a minority of those deemed eligible for ICD implantation are octogenarians [10] . The number of elderly patients being considered for ICD implantation is increasing, but the relative contribution of non-arrhythmic mortality in the elderly may also confound the benefits of ICD therapy [10, 70, 108] . In the absence of specific randomized trial data, the benefit of ICDs still remains controversial in elderly patients. However, guidelines do not refer to specific age limits, but rather to 1-year life expectancy as a mandatory criterion [18] .
Is the risk/benefit balance globally positive in elderly patients?
The first question is: ''Is ICD implantation more risky in elderly patients?''. Many trials have evaluated the risk of operative or perioperative complications in elderly patients (Table 2 ). Among 150,264 primary prevention ICD recipients, the occurrence of any adverse event or in-hospital death increased from 2.8% in the youngest age group (< 65 years) to 4.5% in the oldest age group (≥ 80 years) [68] . Comorbidities, such as severe HF, chronic kidney disease, AF or advanced heart block, were stronger predictors than age in determining complication risks. ICD implantation by non-electrophysiologists or less experienced operators was more significant in predicting complications than age [68] . Many studies reported similar rates of procedure-related complications or long-term complications between different age groups (including infection, lead failure and lead dislodgement) [17, [109] [110] [111] [112] [113] [114] . By contrast, several publications found that early complications were increased in elderly patients, ranging from < 10% to 17% [115] [116] [117] . More frequent comorbidities may explain this finding.
In elderly patients referred for ICD implantation, a simple risk score consisting of 10 available variables can accurately identify patients at high and low risk of complications [118] . Interestingly, age > 80 years has recently been associated with a significant reduction in complication risk, mostly as a result of a marked reduction in the frequency of lead-related reinterventions [119] .
ICD implantation in the elderly: pros and cons
Evidence supporting ICD implantation in the elderly [14] Chan et al. showed that ICD therapy in primary prevention was associated with similar absolute and relative mortality risk reductions in elderly patients, despite higher annual mortality rates [13] . Combining data from major randomized control trials, Kong et al. reported that primary prevention ICD therapy remained effective in reducing all-cause mortality in patients aged ≥ 75 years [17] , contradicting a similar meta-analysis published 1 year before [19] .
Evidence against ICD implantation in the elderly
Because the median survival of elderly patients with an ICD has been shown to be < 5 years in most studies [69, 114, 120, 121] Occurrence of any periprocedural adverse event or in-hospital death increased from 2.8% in the youngest age group (< 65 years) to 4.5% in the oldest age group (≥ 80 years); renal failure, stage IV heart failure, atrial fibrillation, third-degree heart block, biventricular ICD placement, female sex, physician non-certification and device implantation by non-electrophysiologists were stronger predictors of complications than age Grimm et al. [111] 500 consecutive patients included in the Marburg Defibrillator Database
All procedure-related, lead-related and pulse generator-related complications were similar in both patient groups (23% vs. 25%) during follow-up of 48 ± 39 months Duray et al. [110] 375 consecutive ICD recipients with structural heart disease Device associated complications were similar in both groups (age < 70 vs. ≥ 70 years)
Van Rees et al. [114] 1395 patients treated with a primary prevention ICD The complication rates at the time of ICD implantation were 6.6% in septuagenarians and 13.1% in octogenarians, but the difference was not statistically significant Fauchier et al. [115] French registry of 5534 primary prevention ICD recipients
Older age was independently associated with a higher rate of early complications and a lower rate of inappropriate therapies follow-up (2-5 years). A meta-analysis on pooled data from the DEFINITE, SCD-HeFT and MADIT trials was unable to demonstrate significant survival benefit for the ICD in the elderly [19] . In the secondary prevention setting, a pooled analysis of individual patient data from the AVID, CIDS and CASH trials concluded that ICD therapy did not seem to provide a survival benefit in patients aged ≥ 75 years [15] . Finally, the AVID trial showed an unadjusted average of only 2.7 months of additional life gained at 3 years in a cohort of patients with a mean age of 65 years [18] .
Primary prevention indications in elderly patients
Current guidelines suggest that ICD therapy should be considered in the elderly as an efficient intervention to prevent SCD when their life expectancy is acceptable [18] . Many randomized studies have reported divergent results regarding the benefit of ICDs in the elderly [1, 16, 19, 122] . Because of the under-representation of elderly patients in randomized trials, observational studies with small samples in single centres and national registries investigated the efficacy of ICD in elderly patients and, similarly, yielded inconsistent results [111, 117, 123, 124] . Recently, one of the largest longitudinal registries of ICD implantation for primary prevention of SCD in a ''real life'' French cohort of elderly patients, with an age-stratified analysis, suggested a similar benefit in those patients concerning the risk of SCD: older patients exhibited higher global mortality, whereas the rates of SCD and appropriate device therapies were similar for the different age groups [115] . In the MADIT-II trial, the risk of overall mortality in older patients in the ICD therapy group (compared with those in Please cite this article in press as: Fauchier Devices for cardiac rhythm management in the elderly 11 the conventional therapy group) was similar to the benefit observed in younger patients [16] . Lee et al. found that survival after ICD implantation was inversely related to the number of comorbidities [116] , while the MADIT-II investigators suggested that ICD efficacy for primary prevention in ischaemic cardiomyopathy was U-shaped, with a lower benefit in the lowest-risk and highest-risk subgroups [65] . Consideration of comorbidities would thus help to identify elderly patients most likely to derive benefit from an ICD. A risk stratification, using the Multicenter Unsustained Tachycardia Trial (MUSTT) data set, found that NYHA class, conduction disturbance, decreased LV ejection fraction and AF, all of which are likely to be more common in the elderly, were all associated with a higher mortality [125] . Those patients at highest risk of mortality would derive little benefit from the ICD [126] . While an annualized inappropriate shock rate reaching 24% over 3 years was previously reported, it ranges from 1% to 3% per year in the latest studies [115, 117, 127, 128] ; this may be related to different programming in primary prevention ICD in recent years, avoiding unnecessary therapies (see section entitled ''Tachycardia detection and therapy programming in elderly patients'') [129] [130] [131] [132] . Misdiagnosis of supraventricular tachycardia has accounted for many inappropriate ICD shocks [127, 128] . However, the higher incidence of AF in the elderly population does not result in a greater number of inappropriate ICD shocks compared with younger patients. There are commonly a higher number of inappropriate shocks in younger patients, probably as a result of more frequent sinus tachycardia or lead failure with higher physical activity [115, 128] .
In well-selected elderly patients at high risk of arrhythmic death and with few comorbidity factors despite advanced age, ICD intervention may reduce mortality to nearly age-specific life expectancy. Therefore, biological age, possibly assessed by a multivariable score (rather than chronological age per se), and individualized consideration, focusing on comorbidities, projected expectancy, quality of life and patient preference, should help in making a decision about ICD selection for survival benefit (Fig. 1) .
Secondary prevention indications in elderly patients
One in five patients is implanted with an ICD in a secondary prevention setting [133] . In old patients, the decision to implant an ICD should be easier in secondary than primary prevention. After rescue of a SCD by ventricular fibrillation, or hospitalization for poorly tolerated VT, ICD implantation is obviously indicated, except in patients with a poor shortterm prognosis for another reason (terminal HF, advanced cancer). However, one should have a fair discussion with elderly patients about prognosis, the beneficial effect of the ICD, the adverse effects and the potential to convert a SCD to a non-sudden death for an appropriate shared decision. Life expectancy, comorbidities (i.e. other causes of death) and quality of life issues should then be addressed before ICD implantation. In scientific guidelines, ICD implantation for secondary prevention is recommended for patients with a reasonable expectation of survival with a good functional status for > 1 year. This may seem restrictive, and the decision should be contextualized. The limit of 1 year is mainly based on the absence of benefit from an ICD seen before 9-12 months in primary prevention studies [1, 6] .
Secondary prevention studies including patients with a mean age of 65 years have demonstrated a decrease in total mortality of around 28% with ICDs [3, 4, 7] . In the AVID trial, 9 patients had to be treated to save a life over a period of 3 years [7, 18] . However, a meta-analysis suggested that ICD therapy did not show any survival benefit in patients aged > 75 years [15] . In ''real life'', observed through registries and databases, elderly patients (aged > 80 years) accounted for fewer than 10% of patients implanted with an ICD. In the Ontario ICD database [117] , an annual mortality rate of 7% was observed in secondary prevention patients, with an appropriate shock rate of 12%, both rates being lower than those reported in randomized studies; 8% of the patients in secondary prevention were aged ≥ 80 years. The rate of all-cause death was high (annual mortality of 15.5%) in these patients. Most of the elderly patients survived > 30 days after the shock, refuting the argument that elderly patients are more susceptible to unsuccessful shocks or electromechanical dissociation. Early complications were not increased in elderly patients. As for primary prevention ICDs, older age does not diminish the likelihood of receiving appropriate therapy, but a careful evaluation of comorbidities that may increase the relative risk of non-arrhythmic mortality is needed.
Tachycardia detection and therapy programming in elderly patients
The mean age of patients included in initial ICD studies was 60-65 years [134] . Less than 25% of subjects included in the major clinical trials were estimated to be aged > 75 years. Historical studies even purposely excluded patients aged > 80 years [6, 135, 136] . Hence, prospective historical trials may not be representative of daily clinical practice. On the other hand, recent studies have studied the efficacy of prespecified ICD programming parameters in patients with few or no exclusion criteria [130] [131] [132] [137] [138] [139] . These studies focused on new programming strategies to decrease the rate of inappropriate therapies and deliver less aggressive therapy in case of sustained ventricular arrhythmia. Whether such modern strategies are both safe and efficient in elderly patients (i.e. aged > 75 years) is an open question, but concordant conclusions can be made from these studies. Prolonged detection as well as high ventricular fibrillation rates decrease the number of inappropriate therapies and the number of shocks with the use of antitachycardia pacing (instead of painful shocks) in fast VT (Table 3) . In primary and secondary prevention patients, long detection can be safely programmed even in elderly patients. Such programming parameters are recommended in current consensus documents proposed by scientific societies [140] , and may be safely applied in elderly patients.
HF management with CRT
CRT is now considered as a key therapeutic option in drug-refractory HF patients with low LV ejection Please cite this article in press as: Fauchier fraction and cardiac dyssynchrony, but it is still tempered by the lack of treatment response observed in about 30% of cases [141] . The main clinical benefits expected from CRT rely on a decrease in hospitalization (mainly of cardiovascular origin) and an increase in survival [142] . Improvements in symptoms and quality of life are also expected, and are particularly relevant in elderly patients. However, older patients usually present with more frequent Devices for cardiac rhythm management in the elderly 13 comorbidities that might potentially interfere with these results.
Selection criteria for CRT in elderly patients
Selection criteria used to initiate CRT in the elderly are similar to those currently considered in regular indications, except for ICD combination (drug-refractory HF symptoms, LV ejection fraction < 35% and presence of ventricular dyssynchrony commonly evidenced by left bundle branch block). However, underlying cardiomyopathy is often more advanced, and may lead to a less effective CRT response.
Other factors may have a negative effect, such as right bundle branch block without LV dyssynchrony, dysautonomia and hypotension, leading to suboptimal medical treatment or QRS duration < 130 ms. The latter is supported by the results of ECHO CRT study, which reported the absence of clinical benefit together with an increased mortality rate in patients with a narrow QRS < 130 ms, compared with the control group without CRT delivery [143] .
Evaluation of CRT response in the elderly
CRT benefits include improvements in exercise tolerance and quality of life, often related to a LV reverse remodelling process [141, [144] [145] [146] [147] . Subjective criteria, such as change in NYHA functional class, are routinely applied in the elderly, who are often unable to properly perform a 6-minute walk test or oxygen uptake measurement (VO 2max ).
A composite clinical endpoint can also be used, considering a ''CRT responder'' to be a patient who is ''alive'' with an improvement in NYHA functional class and/or self-assessed symptoms, together with the absence of HF hospitalization. The non-responder will not fulfil at least one of these criteria. Echocardiography may investigate more objective criteria, such as the measurement of LV end-systolic volume and LV ejection fraction [144, 146] , interferences being related to abnormalities secondary to previous associated heart disease. Regardless of the true effect of CRT, the presence of multiple comorbidities commonly seen in the elderly will further affect survival and hospitalization independently [148] . The EAARN score has been proposed (ejection fraction for LV < 22%, age > 70 years, documented episodes of AF, Renal dysfunction estimated by baseline glomerular filtration rate < 60 mL/min/1.73 m 2 , NYHA class IV), where each factor independently increases the risk of mortality in CRT patients [149] .
Management of CRT non-responders
Management of an elderly patient not responding to CRT may lead one to:
• discuss if medical treatment is optimal for renal function, and/or re-evaluate the use of beta-blockers in chronic obstructive pulmonary disease; • check appropriate functioning and delivery of the CRT system, including pacing/sensing thresholds (inappropriate atrial sensing during effort may compromise biventricular pacing), atrial and/or ventricular oversensing episodes (far field R wave, T-wave detection and noise events caused by insulation fracture, etc.), biventricular capture percentage and atrial or ventricular arrhythmias, with the aim of providing specific additional treatment, particularly AV junction ablation in case of AF; these parameters can be monitored by considering individual home monitoring systems; one should also check the absence of phrenic nerve stimulation by the LV lead, which is now anticipated by selecting a quadripolar LV lead; • check the LV lead position on a chest X-ray, and consider repositioning if the LV lead is placed close to the apex, thus avoiding suboptimal CRT delivery [150] ; • re-evaluate coronary artery disease, with angiogram to be discussed; • perform echocardiography.
Echocardiography is performed to assess:
• LV filling time, which in theory should be > 40% of the RR interval (individual adjustment of the AV delay [and VV delay] may be proposed, but has not been well validated in controlled studies [151] ); • LV systolic function (in case of worsening of LV ejection fraction, the benefit of implanting of an additional LV lead has not been validated [152] ; implantation of a second RV lead is a safe technique and may provide a greater benefit in terms of ventricular remodelling than conventional CRT, but further studies are needed to assess its long-term benefit [153] ; implantation of a LV endocardial lead using a transseptal approach may promote further improvement in haemodynamics and exercise tolerance, but with higher risk of stroke, despite anticoagulation therapy -this approach is currently not recommended in the elderly because of an unfavourable benefit/risk ratio); • RV function, which, if altered, can lead to a reduction in or discontinuation of beta-blockers.
Systematic investigation of LV dyssynchrony is not recommended, given the lack of any reproducible echocardiography variables that can translate into CRT system adjustment.
Overall, elderly patients usually experience functional improvement after CRT, similar to that observed in middleaged patients. Management of CRT non-responders remains similar, while considering a less aggressive approach in terms of reinterventions (revision of LV lead placement, addition of an RV or LV lead, LV endocardial pacing configuration). More severe cardiac and non-cardiac comorbidities are responsible for higher mortality, which can potentially interfere with the additional benefit provided by a prophylactic ICD [148, 149, 154, 155] .
CRT with PM or defibrillation
Implantation of a CRT device in elderly patients may not be questionable, given the benefits in terms of quality of life, morbidity and mortality [156] . Selection of patients with a greater probability of response after CRT may be preferred (see section entitled ''Evaluation of CRT response in the elderly''), as complications related to the implantation procedure have more serious consequences in the elderly. The addition of an ICD is more debatable, particularly for the primary prevention of sudden death. Available data only include subgroup analyses, so derived conclusions are strong assumptions rather than true evidence.
Please cite this article in press as: Fauchier In patients with a higher biological age (rather than chronological age), CRT with PM (CRT-P) implantation, combined with amiodarone and/or ventricular substrate-based catheter ablation in the secondary prevention of sustained VT, may be preferred to CRT with defibrillation (CRT-D), even if the level of evidence remains low [157, 158] . Implantation of an ICD in patients aged > 80 years is not harmless, given the risk of inappropriate therapies, especially in patients prone to developing AF. Another aspect to be discussed with the patient and/or their relatives is that the ICD, in preventing SCD, might lead to undesired death throes. Implantation of a CRT-P may be a good compromise, as it should provide large benefits and a lower risk of complications over a long period of time [159] . Indeed, the excess of mortality in CRT-P patients, as currently selected in routine clinical practice, is mainly the result of non-SCD [160] . Implantation of an ICD may only reach cost-effectiveness after 5-7 years, and should only be proposed in a selected group of patients with longer life expectancy [134] (Fig. 2) .
Follow-up PMs
Follow-up recommendations in the elderly are quite similar to those for the general implanted population, which is already relatively advanced, with mean ages of 80.2, 77 and 75.5 years for single-, dual-and triple-chamber devices, respectively (2008-2009 National Health Insurance Information System database) [161] . Perioperative complications of device implantation are slightly higher in this population because of a higher rate of associated comorbidities [162] , but there is no clear evidence for an increased incidence of late complications [163] [164] [165] .
ICDs
Patients receiving a high-voltage device are younger in France, with mean ages of 58, 63 and 66 years for single-, dual-and triple-chamber ICDs (2008-2009 National Health Insurance Information System database) [161] . Data from the USA show an older implanted population, with 30% of the patients aged between 70 and 79 years, and more than 10% aged > 80 years [8] . Primary prevention is reported in 59% of the implanted population in France versus 75% in the USA [161] . As for low-voltage devices, the slight increase in complication rate in the elderly seems to be related to associated comorbidities and HF rather than to the device itself [114] .
Electromagnetic interferences
There is no specific recommendation related to age. Check that emergency transmitters, headphones and amplifiers are not interfering with the implanted device, with dedicated medical wavelengths.
Follow-up modalities and home monitoring
Device follow-up is recommended between 3 and 12 months for PMs, and between 3 and 6 months for ICDs. More regular follow-ups are required in case of haemodynamic instability, ICD shocks, arrhythmias and when approaching the end of battery life [166] .
Remote follow-up and monitoring are alternatives to traditional outpatient visits, and provide information on device function (pacing thresholds, detection, lead impedance, battery status) as well as arrhythmic and therapeutic events. Elderly patients may benefit most from this technology, as they can find clinical visits to be a disruption to their daily life and, when alone, need to call on multiple family and social resources to get to the caregiver. The ability to precisely monitor residual battery longevity reduces the need for multiple visits to the clinic. Postponing or reducing the number of device replacements is relevant in elderly patients, as replacement surgery may be associated with complications, and hospitalization may induce a deterioration in cognitive function. Remote monitoring may also be used as an alarm detection system in case of device dysfunction, arrhythmic events or lung congestion for HF.
Elderly patients have a poorer comprehension of remote monitoring than younger patients, which can lead to a lower acceptance of the system. However, education and appropriate training can improve overall comprehension and acceptance of remote monitoring [167] . Simple systems and complete automatism of the operations, requiring no direct intervention on the part of the patient, are of paramount importance [168] . When these conditions are achieved, home monitoring is expected to be valuable, even in debilitated elderly patients [169] .
Please cite this article in press as: Fauchier Diagnostic functions: device-detected AF Atrial high rate episodes (AHREs) are frequently recorded in the device memories, and are well correlated with AF [170] . Physician review of stored electrograms is desirable to validate the true rate of AF. High rates of AHREs were found in PM-implanted patients with a mean age of 75 years (89% and 54% during 24 months in patients with or without history of AF, respectively) [171] . AHREs are associated with a higher risk of ischaemic stroke [172] [173] [174] . In the ASSERT study, evaluating a device-implanted population (PMs and ICDs) of 2580 patients (mean age, 76 years) with hypertension but no history of AF, there was a higher incidence of stroke (hazard ratio 2.5) when AHREs at a rate of > 190 bpm and lasting > 6 minutes were recorded in the device [174] .
Questions remain regarding which duration of AHREs should be considered, and whether anticoagulant therapy should be initiated in elderly patients at higher risk. In the TRENDS study, there was a doubling of stroke incidence for an AF burden > 5.5 hours during at least one of the preceding 30 days before device interrogation [172] . In an Italian registry of 725 patients (mean age, 71 years) implanted with a DDDR PM for bradycardia associated with atrial tachyarrhythmias, the risk of embolism was 3.1 times greater in case of device-detected AF episodes of > 24 hours [175] . In the ASSERT study, only patients in the highest quartile (> 18 hours) had a significantly increased risk of thromboembolism.
To date, no intervention (i.e. anticoagulant) therapy has been validated in this population. IMPACT (Randomized Trial of Anticoagulation Guided by Remote Rhythm Monitoring in Patients with Implanted Cardioverter Defibrillator and Resynchronization Devices) evaluated the benefit of remote monitoring for atrial tachyarrhythmias, with a predefined anticoagulation plan. Compared with the conventional group, no significant difference in primary outcome (thromboembolic or haemorrhagic events) was shown in the intervention group [176] . These results should be interpreted regarding the absence of a temporal relationship between subclinical AF and stroke [177, 178] , AF being more frequently a marker of a population (likely to be older) at risk of stroke rather than the direct cause. Thus, despite a robust association between AHREs and stroke, there is currently a lack of consensus on the optimal management of device-detected AF.
Elective replacement interval: switch from CRT-D to CRT-P
Replacement of a CRT-D in the elderly is a common situation. The rate of CRT device implantation is increasing, and the percentage of ICDs among those devices is also increasing. In France in 2008, the mean age at CRT-D implantation was 66 years [161] . Patient survival is likely to exceed that of the devices [179] , and 50% of CRT-D devices may have to be replaced at 4 years because of battery depletion [180] .
At CRT-D replacement time because of battery depletion, several factors may favour its replacement with a CRT-P in elderly patients:
• in case of LV ejection fraction improvement and in the absence of appropriate therapies, the risk of SCD is probably low; around 25% of the patients, initially implanted for a primary prevention indication, may no longer meet the guideline-driven indication for an ICD at the time of generator replacement [181] ; if appropriate therapies have been delivered, for legal considerations, it seems preferable to replace the ICD, unless this contradicts wishes expressed earlier when the patient was in good condition; • the occurrence of appropriate therapies is lower in older patients [182] ; • older people obviously have a higher annual rate of death -mortality rates 1 and 2 years after ICD replacement in octogenarians were 23% and 38%, respectively, in a recent study [120] ; an increase in mortality of 8% by year of age after 75 years was found in ICD patients implanted for primary prevention [115] ; finally, SCD accounts for 51% of deaths before 50 years and only 26% of deaths over 80 years [108] .
Evaluation of the patient's clinical status is therefore crucial. The prevalence of comorbidities is significantly higher at ICD replacement time than at the time of primo implantation; this was the case in a recent analysis of chronic kidney disease (29% vs. 22%), AF (24% vs. 16%) and neoplastic disease (14% vs. 3%) [181] .
Ethical, moral and legal aspects have then to be considered [183] . The patient or their legal representative has the right to refuse or to claim the ICD replacement. If the patient can understand the nature and the consequences of their decisions, they are then legally competent to take these decisions. From an ethical and legal point of view, there is no difference between refusing an ICD implantation and refusing an ICD replacement, and not replacing an ICD does not correspond to assisted suicide or euthanasia (see section entitled ''Deactivating a patient's ICD at the end of life''). The patient's informed consent is needed, and one should clearly inform them about the role of the ICD, and the potential consequences of its replacement with a CRT-P. Some patients would prefer to have the ''opportunity'' of dying suddenly; for others the idea of no longer being protected from SCD would be unbearable.
Finally, technical aspects should be considered. It is no longer possible to simply replace a CRT-D by a CRT-P with the DF4 ICD leads. Adding a RV pacing lead would not seem reasonable, and connectors are not yet available. In older patients, we should therefore consider the use of a DF1 lead at the time of primo implantation. Thus, when a CRT-D reaches the elective replacement intervaI time in elderly patients, one should consider replacing it with a CRT-P, taking into account the patient's clinical status and preferences.
Deactivating a patient's ICD at the end of life
The status of the ICD patient may deteriorate because of the progression of cardiomyopathy or worsening of a comorbidity. When a patient reaches the end of life, the question of deactivating the ICD can be legitimate, and the factors in this discussion are not age related [184] .
Please cite this article in press as: Fauchier It has been estimated that 20% of patients with an ICD receive shocks during their last few weeks of life, whether or not they are appropriate; their use seems questionable. Stopping an ICD at the end of life in a patient can be achieved in different ways, which are ethically and legally equivalent: implanting a magnet, programming a device or not replacing a worn-out device. While an ICD is also used for its antibradycardia function in an individual who might be PM-dependent, this should be distinguished from its antitachycardia function, as inhibiting it would have immediate consequences for quality of life and survival.
Legally, stopping the antitachycardia functions of an ICD is akin to stopping any given treatment. This delicate matter should ideally be discussed at the time of primo implantation, and should be part of the consent form signed by the patient. Many patients ignore the actual function of ICDs [185] . Likewise, it would be preferable for the patient to state their opinion, to assist decision-making when their state of consciousness makes them less capable of doing so. A patient has the right to request the suspension of a therapy at all times. The physician is obliged to respect the patient's will, after informing them of the consequences of the choice [186] . The trusted person cannot consent in place of the patient, but can give an advisory opinion according to the patient's expressed wishes. While the patient is under guardianship, the guardian should give their consent.
However, it is also the physician's responsibility and duty to discuss the matter with the patient or trusted person when the situation arises, even and especially when the patient or the patient's family does not ask to discuss it. Indeed, in French legislation, the physician should ''under all circumstances strive to relieve disease-related suffering and abstain from any intensive medication'', the latter being defined as ''unreasonable obstinacy owing to a stubborn refusal to recognise that a person is bound to die and cannot be cured'' (Article R. 4127-37 of the French Public Health Code). The physician can decide to ''limit or suspend an unnecessary or disproportionate treatment whose sole aim is to sustain life by artificial means'' (Article L. 1111-13 of the French Public Health Code). ''The physician shall safeguard the dignity of the dying person and ensure the quality of the person's end of life'' (Article L.1110-10 of the French Public Health Code).
Deactivating or not replacing an ICD is, in all cases, subject to obtaining clear consent. Under no circumstances can it be considered assisted suicide or euthanasia [186] . Death is not directly caused by a prescription or a medical act; it is the result of the underlying disease. A physician is not obliged to personally make the decision to deactivate an ICD, if this decision is not in accord with their moral or religious principles. In this case, it should simply be proposed that another practitioner make the decision instead. Likewise, the patient, having given consent, can reconsider the decision at any time.
Accompanying the patient and the patient's family in end-of-life decisions is done jointly with the healthcare team, who might need to call upon a palliative care team to treat uncomfortable symptoms. Matters of a spiritual nature can also be discussed.
Deactivating an ICD in a patient at the end of life is authorized by the law, subject to following a collaborative procedure, and obtaining the consent of the patient or the patient's legal representative. This procedure can also be requested by the patient, but it should, above all, be proposed by the practitioner out of respect for the patient's dignity, and to avoid any ethically and legally reprehensible intensive medication.
Novel cardiac devices for older patients, and perspectives
Leadless PMs
Leadless PMs, first implanted in humans in 2013, are likely to replace standard VVIR cardiac pacing, particularly in older patients; they will prevent some complications related to:
• the pulse generator, including haematomas, extrusions and pocket infections, facilitated by device replacements, long-term anticoagulation and cutaneous fragility; • the venous access as well as the lead implantation, including pneumothorax, tamponade and dislodgement.
Over the long-term, the cardiac pacing lead is generally considered the system's weakest link, associated with venous thromboses, breakdown of the insulation or wire rupture and infections. The rate of these complications is increased by concomitant disorders, which are themselves promoted by older age.
The first commercially available leadless PM (Nanostim ® ; St. Jude Medical, St. Paul, MN, USA) is a VVIR device, which weighs 2 g and is implanted at the RV apex via a large 18F femoral introducer. The second 0.8 cc/2 g device (Micra ® ; Medtronic Inc., Minneapolis, MN, USA) is implanted via a 22F femoral introducer. The absence of lead decreases the rate of lead-related complications. The risk of infection is decreased, the connections are eliminated and the system is MRI-compatible. The absence of scar and pectoral implant eliminates central and subclavian venous thrombosis, cutaneous extrusion and haematomas.
The systems are currently limited to VVIR pacing. Implant feasibility was confirmed in 2014, in patients aged 77 ± 8 years [187] . However, it is noteworthy that a patient experienced a fatal perforation of the right ventricle with tamponade and cerebral vascular accident, highlighting the importance of being careful with these elderly and fragile patients. In a multicentre study, the leadless Nanostim ® device met prespecified pacing and sensing requirements in the large majority of patients, although device-related serious adverse events occurred in approximately 1 in 15 patients [188] . In an analysis with a historical comparison study, the Micra ® device had a safety profile similar to that of a transvenous system, while providing low and stable pacing thresholds [189] .
The long-term status of these devices is unknown, particularly the risk of endothelialization and fibrosis, which might hamper their extraction. While it will mandate the abandonment of the leadless electrode and a reimplantation or extraction, this complication is considerably less consequential for older patients. Currently, up to 25% of patients are paced in VVIR mode, which is particularly suitable in the elderly, who are likely to undergo few device replacements.
On-going research is focusing on energy harvester rechargeable systems or biopiles [190] , with a view to Please cite this article in press as: Fauchier further decreasing the size of the devices, while increasing their longevity and enabling communications among various leadless systems implanted in the right atrium, right ventricle and left heart. Elderly patients are likely to benefit from the innovations, which are expected to decrease the rate of complications at the time of implantation or during the longer-term follow-up.
Subcutaneous ICDs
The subcutaneous ICD is emerging as a therapy for the prevention of SCD, avoiding the complications associated with transvenous leads [191] . The subcutaneous ICD is essentially promising in terms of reduction of electrode-related complications, such as infection or lead failure, which may be more relevant for relatively young and active patients [192] . This may, however, be an option in elderly patients in case of limited vascular access or persistent infection.
Conclusions
Cardiac pacing, CRT and ICD therapy may remain effective despite advanced age in selected patients, when they have minimum comorbidities, particularly for septuagenarians and octogenarians. In the oldest patients, discussion regarding the effect of implantable devices on the mode of death (ICD preventing SCD but exposing the recipient to the risk of prolonged and progressive HF) takes a particular place in decision-making according to patient choice [120, 134] . Physiological age and comorbidities should be the decisive factor in making a decision about device implantation selection for survival and well-being benefit in elderly patients. These patients may, in the future, be good candidates for leadless pacing. Management of CRT issues remains globally the same, while considering a less aggressive approach at implantation or for reinterventions. Beyond the clinical sense, ICD intervention among the elderly as a group may be less cost-effective, but cost-effectiveness is expected when ICDs are implanted in patients expected to live for a sufficient time (e.g. > 5-7 years) after implantation. 
